Autologous vein bypass remains the standard evidencebased treatment for selected patients with peripheral artery disease or coronary occlusive disease. Recent data reveal that within the first year almost 40% of lower extremity vein bypass grafts develop occlusive lesions or fail (1) , and almost half of cardiac bypass patients will lose a vein graft (!75% stenosis) (2) . These failures result in recurrent end-organ ischemia, redo-revascularizations, and, not infrequently, loss of human limb or life.
While there is evidence linking luminal intimal hyperplasia, historically viewed as the primary etiology of vein graft failure, to a multitude of biologic pathways, reductionistic approaches focused only on specific molecular strategies have failed to demonstrate substantial impact on graft failure rates (1) (2) (3) (4) . Emerging data support an important role for negative full vessel wall remodeling (5, 6) in addition to intimal hyperplasia signaling mechanisms (4), yet clinicians and researchers currently lack the ability to temporally interrogate the in vivo vein graft wall anatomy efficiently. Duplex ultrasonography, the current clinical standard-of-care for lower extremity vein grafts, detects increased blood velocities due to lumen narrowing, a result of late, severe disease (7) but lacks the resolution to provide useful information regarding the morphology of the graft wall.
We have recently demonstrated that very high-resolution T 1 -weighted (T1W) MR images consistently delineate the full graft wall in vivo, and, in conjunction with T 2 -weighted images, can be used to separately delineate the media and neointima from the adventitia (8) . We have also demonstrated the ability of MRI to assess remodeling of those wall components at follow up (9) . To achieve multicontrast imaging with sufficiently high resolutions ( 0.2 mm 3 voxel volumes) and sufficient signal-to-noise ratio (SNR) at clinically available magnetic field strengths, we (10) and other groups (11) have employed state-of-the-art high sampling efficiency fast spin echo pulse sequences.
While future enhancements in pulse sequence technologies remain highly promising for research focused on studying the biology of vein graft adaptation and failure in vivo, high spatial resolution MRI technologies remain inadequate for large-scale clinical application in patients after coronary and lower extremity graft bypass surgery. Two main limitations must be overcome for these applications. The first is the tradeoff between scan time and craniocaudal coverage. Our approach to date for sub-0.2 mm 3 human in vivo cardiac-gated black-blood vessel wall imaging relies on reduced field-of-view imaging (12) (13) (14) (15) , coupled with high sampling efficiency sequences. This allows us to image a 3.6 cm peripheral vein graft segment at 1.5 T (14.4 cm at 3 T) during a 10-min acquisition (10) by concentrating scan time to resolving only the vessel and its immediate surroundings. While useful for characterizing focal lesions in vivo over time (4) , this is insufficient for clinical surveillance of a typical lower extremity graft that extends between 40 and 80 cm in length. The second limitation that must be addressed is that of accurate discrimination between the vessel wall and adjacent tissues with similar relaxation rates and signal intensities, such as muscle, scar tissue, and edema in certain instances (Fig. 1) .
This work develops and evaluates an exogenous MR contrast mechanism that can be introduced at the time of surgery to address these two limitations. We recently demonstrated the feasibility of using ultrasmall paramagnetic iron oxide nanoparticles modified to covalently bind to tissue as a strategy to enhance vein graft wall imaging (16) . Because of magnetic susceptibility, these particles induce an MR signal void between the vein adventitia and surrounding tissue, enhancing delineation of the vein wall from surrounding tissue and addressing the latter limitation of MRI for this application.
Here we develop and demonstrate an implantable gadolinium (Gd)-based contrast agent to address both limitations. Unlike ultrasmall paramagnetic iron oxide particles, a Gd-based agent stands to not only enhance the contrast differential between the vein and surrounding tissues but also additionally increase the MR signal emanating from the entire vessel wall at desirable T 1 contrast weightings. An increase in T1W signal can be traded for faster imaging while maintaining the same SNR for the vessel wall tissue as that obtained in an unenhanced vessel (8) . This can be accomplished with, for example, reduced signal averaging and homodyne (''half-Fourier'') detection, introduction of parallel imaging, decreased pulse repetition time (TR), etc.
This work is divided into two parts. First, we demonstrate that the implantable Gd-based complex can be covalently immobilized on the human vein wall and selectively modify its relaxation properties. Second, we demonstrate the long-term stability of the crosslink via longitudinal assessment of those relaxation properties.
MATERIALS AND METHODS

Activation of Diethylenetriaminepentaacetic acid Gd 3þ dihydrogen for Immobilization
The immobilization of diethylenetriaminepentaacetic acid Gd 3þ dihydrogen (Gd-DTPA) complex on tissue was based on N-hydroxysuccinamide (NHS) ester coupling chemistry (17) . NHS esters are reactive groups that under physiological conditions react with primary amines (NH 2 ), such as those found on the surface of cells, to form a covalent amide bond. Importantly, this approach does not compromise inherent cell properties such as viability, adhesion kinetics, and proliferation (17) . The process of preparing Gd chelates for covalent binding to amines involves a reaction wherein free carboxylic acid groups in the Gd-DTPA complex are first coupled with NHS using N,N 0 -diisopropylcarbodiimide (DIC, c.f., Fig.  2 ) by dissolving a desired concentration of Gd-DTPA in double-distilled water, adding NHS and dimethyl sulfoxide containing DIC at twice the concentration, and incubating for a period of time at room temperature. Incubation lasted either 3 h or overnight under continuous stirring, as noted for individual experiments. The resulting solution contains ''activated'' Gd-DTPA molecules that possess NHS-ester groups (Fig. 2) . Tissue Labeling With Activated Gd-DTPA Veins were ''labeled'' with the activated Gd-DTPA by incubating for 30 min at room temperature in a phosphate buffered saline (PBS) solution (pH 7.4) containing the activated Gd-DTPA. Ligatures were placed on both vein ends before treatment so as to reduce endothelium exposure to the contrast agent. Following this labeling process, excess PBS was removed, and vein segments were thoroughly soaked and rinsed thrice with fresh PBS to remove nonbound Gd-DTPA.
Specimens
The institutional human research committee approved this study. Four fresh human saphenous vein specimens were harvested from discarded operating room tissue. Two were obtained from a below knee amputation, and two from a bypass surgery. Specimens were prepared for imaging immediately after harvesting.
Specimen Preparation
One specimen was used to confirm the presence of Gd using scanning electron microscopy and elemental mapping as described below. The specimen was separated into treatment and control halves. The control half was incubated in PBS, while the treatment half was labeled in 10 mmol L À1 (mM) solution of the activated Gd-DTPA complex that had undergone the 3 h preparation. To simulate in vivo black-blood T1W imaging (10, 12) , both segments were distended to physiologic arterial pressure using corn oil and MR imaging used a fat resonanceselective saturation pulse.
Two specimens were used to obtain more direct evidence of immobilization of the activated Gd-DTPA onto vein wall tissue. One specimen was used to verify that MR image enhancement and longitudinal (R 1 ) and transverse (R 2 ) relaxation rate changes were present for tissue treated with activated Gd-DTPA and absent for tissue treated with standard Gd-DTPA. The specimen was separated into five segments, with one control, three segments labeled in 1, 2.5, and 5 mM of activated Gd-DTPA solution prepared using the overnight protocol, and one segment undergoing the same incubation process as the three labeled segments except that the solution contained 5 mM of standard Gd-DTPA (i.e., without activation by NHS ester). A second specimen was used to verify the observed relationship between tissue relaxation rates and treatment concentration. That specimen was separated into six segments, with one used as a control and the remaining five labeled in 1, 2, 4, 6, and 10 mM of activated Gd-DTPA solution prepared using the overnight protocol.
Finally, one specimen was used to study the long-term stability of the immobilized Gd-DTPA. The specimen was separated into two segments, with one half used as a control and the other half labeled in 10 mM solution of activated Gd-DTPA prepared using the 3-h protocol. Sodium azide, a preservative that prevents tissue spoilage (18) , was subsequently added to the saline used in the imaging setup (vide infra), and the specimen was incubated in a shaker over 4 months at 37 C to simulate in vivo conditions. R 1 and R 2 rates were measured at 0 and 122 days following harvest. The R 2 rate was additionally measured at 22 days.
Specimen Preparation for Imaging
To avoid collapse of the thin-walled veins for imaging and to simulate the in vivo signal environment, the ends of vein segments were surgically tied and either saline or corn oil as pertaining to each experiment was used to distend them to 80 mmHg. Distended veins were then suspended in saline-filled Petri dishes with the use of two 2.5 mm polystyrene struts. Prepared Petri dishes were sealed using surgical tape. With the exception of the long-term stability experiment, specimens were stored at 4 C for no longer than 12 h between preparation and imaging. To avoid cross contamination, each vein segment for each experiment was handled with separate surgical instruments and mounted in a separate Petri dish.
MRI Equipment
All experiments were performed on a 3 T GE HDx MR imager (General Electric, Milwaukee, WI), equipped with 40 mT m À1 , 150 T m À1 sec À1 gradients. A wrist extremity bird-cage transmit/receive coil was used for radiofrequency excitation and signal reception.
MR Imaging
MR image enhancement was assessed in three-dimensional (3D) spoiled gradient recalled echo T1W images (4 msec echo time, 30 msec TR, 40 flip angle (FA), 632 kHz bandwidth). The SNR was measured for each vein segment as SNR ¼ Stissue simage , where S tissue the mean signal intensity in a region-of-interest (ROI) containing vein wall tissue, and where the standard deviation of noise in the image was calculated as s image ¼ S noise ffiffiffiffiffiffiffi p = 2 p with S noise the mean signal intensity in a ROI containing air (19) . SNR measurements are reported as the mean and standard deviation over multiple ROIs for each vein segment.
Environmental Scanning Electron MicroscopeEnergy-Dispersive X-Ray Imaging
An environmental scanning electron microscope (FEI/ Philips XL30 FEG-ESEM, FEI, Hillsboro, Oregon) equipped with an energy-dispersive X-ray (EDAX) spectrometry module (Torr Scientific Ltd., UK) was used to obtain micrographs of 4-mm-thick sections of one specimen at 10 kV. Elemental mapping analysis to identify the presence of Gd was performed using the EDAX technique in which characteristic X-rays emitted from the sample after electron bombardment are used to identify element-specific signatures. Combined with environmental scanning electron microscope, spectra analyzed in a raster fashion produce a two-dimensional image of the spatial distribution of Gd.
Quantitative MR Relaxation Rate Measurements
For the long-term stability specimen, R 2 was measured using a multiecho two-dimensional Carr-Purcell-Meiboom-Gill sequence (20) . A 3D Carr-Purcell-MeiboomGill sequence (8) with composite (90 x -180 y -90 x ) refocusing pulses (21) was used to measure the R 2 of specimens with multiple labeling concentrations. The increased SNR and reduced indirect and stimulated echoes at longer echo train lengths (ETL) afford the latter sequence enhanced accuracy for graded R 2 comparisons. For twodimensional Carr-Purcell-Meiboom-Gill, images were acquired at eight echo times (11 msec echo spacing, 1500 msec TR). For 3D Carr-Purcell-Meiboom-Gill, images were produced at 16 echo times (11.6 msec echo spacing, 1600 msec TR).
R 1 was measured using a high sampling efficiency 3D fast spin echo (eight ETL, 7 msec echo spacing) (15) with an 8.64 msec adiabatic inversion recovery preparatory pulse. For the long-term stability experiment, images were obtained at five inversion times ranging from 50 to 1000 msec at 250-msec intervals, with a TR of 1800 msec. For the two experiments with multiple concentrations, images were obtained at 11 inversion times, with eight inversion times between 125 and 1000 msec at 125-msec intervals and three additional inversion times at 50, 1250, and 1500 msec, with a TR of 3000 msec.
Relaxation rates were obtained by fitting signal intensities in ROIs using an idealized signal model; R 2 rates were obtained by fitting to the model s(t) ¼ ae ÀtR2 , where t is the echo time and a is a constant reflecting the spin density. R 1 rates were obtained by fitting to the model,
, where t is the inversion time, a as mentioned above, and À1 k 1, a constant accounting for the efficiency of the inversion pulse (22) . Fitting was performed with a nonlinear optimization routine (MATLAB R2008b, MathWorks, Natick, MA) employing a non-negativity constraint for each fitted variable. Mean relaxation rates are reported by averaging fits from no less than twenty ROIs per vein segment.
Statistical Analysis
For the experiment with segments incubated in both activated and nonactivated Gd-DTPA, one-way analysis of variance of the R 1 and R 2 rates was used to test whether segments labeled with activated Gd-DTPA had significantly different relaxation rates than the control segment and the segment incubated in standard Gd-DTPA. A P value less than 0.05 was considered significant, indicating a significantly different mean relaxation rate compared with the control due to the presence of Gd-DTPA.
For the two experiments with multiple concentrations of activated Gd-DTPA, linear regression was used to determine the relationship between the treatment agent concentration and tissue R 1 and R 2 rates, and to subsequently determine the ratio of r 2 to r 1 relaxivity of the agent. Specifically, we begin by defining the ''pseudorelaxivities'' r 0 i , i ¼ 1,2, of the agent as the regression coefficients of the models
is the tissue relaxation rate in the absence of contrast agent, and C treatment the treatment concentration of activated Gd-DTPA. A Pearson correlation coefficient r ! 0.9 was considered indicative of no saturation of the available binding sites on the tissue having occurred for the particular reaction conditions. In this event, one may assume that the treatment concentration is directly proportional to the resulting tissue concentration, up to a constant factor related to each particular specimen's uptake rate for the incubation conditions. That is, we can infer that the relationship C tissue ¼ a C treatment holds for some constant a specific to each individual experiment. Consequently, the ratio of r 2 to r 1 relaxivity of the implanted agent can be computed from the observed pseudo-relaxivities, r 0 1 , as the constant drops out.
For the long-term stability experiment, we first tested whether relaxation rates differed between labeled and control segments at each individual time point using the unpaired two-tailed student t-test. A P value less than 0.05 was considered significant, indicating a significantly different mean relaxation rate for the labeled versus control segments of the veins due to the presence of Gd-DTPA. Second, we tested whether the relaxation rate of each segment differed between time points. Analysis of variance was used to perform this comparison across the three time points where R 2 was measured, and the unpaired two-tailed student t-test was used for the equivalent comparison of R 1 rates, as those were only measured at two time points. In either case, a P value greater than 0.05 was considered indicative of no significant change in the mean relaxation rate of the particular vein segment over the experiment duration.
RESULTS
Labeled vein segments presented significantly higher T1W signal intensity than controls (Figs. 3-4) , with SNR between 1.5 and 4.5 times higher for labeled than for control vein segments. EDAX confirmed the presence of Gd on the labeled vein segment only (Fig. 3) , concentrated primarily on the outer surface of the adventitia. However, Gd ions were observed diffusely throughout the vessel wall, in agreement with all MR image results that showed increased signal intensity throughout the wall (Figs. 3-5) . The signal intensity of surrounding saline did not differ between the labeled and control segments in any experiments, indicating absence of free Gd-DTPA at the time of imaging.
The increased T1W signal and positive EDAX finding offer preliminary confirmation that the activated Gd-DTPA complex can selectively enhance the relaxation properties of the target tissue. Evidence supporting immobilization onto tissue constituents follows more directly from the experiments portrayed in Figs. 4 and 5 . Specifically, the R 1 and R 2 rates of a vein incubated in 5 mM of nonactivated Gd-DTPA were no different than those of the control (R 2 : 10. 5 Additional information regarding the particular nature of the interaction between activated Gd-DTPA and vein tissue can be obtained from the rate of change of the relaxation rates with respect to the concentration of the implanted agent. The observed relationship between relaxation rate and incubation concentration was highly linear for both R 1,2 (Pearson r > 0.95 for all fits, Fig. 5 ) over the tested range of 0-10 mM. Consequently, we infer that the number of binding sites on the vein tissue was not saturated, and that the tissue concentrations achieved were directly proportional to the treatment concentration up to a multiplicative factor specific to each particular specimen. Using the pseudo-relativities (slopes of the fitted models) under this linearity assumption, the ratio of r 2 to r 1 relaxivity of the activated Gd-DTPA is calculated to be 4.81 6 0.18 and 4.89 6 0.36 in these two experiments.
Finally, the crosslinkage of Gd-DTPA to vein wall tissue was stable over a 4-month period; both R 1 and R 2 rates remained stable throughout this period for both the control (P > 0.250, Fig. 6 ) and the labeled (P > 0.159, Fig. 6 ) vein segments. Labeled segment R 2 ranged from 14.66 6 1.61 s À1 at harvest to 14.96 6 1.43 s À1 at 122 days, and was significantly higher than that of the control (9.06 6 1.35 s À1 at harvest to 8.45 6 1.00 s À1 at 122 days) at all three time points (P < 0.001, Fig. 6 ). R 1 was also significantly different between the control and labeled segments at both time points (P < 0.001, Fig. 6) ; the labeled segment's R 1 was 1.56 6 0.12 s À1 at harvest 
DISCUSSION
Postintervention MRI represents a large fraction of clinical scanning. The separation of recurrent disease from surrounding tissues can often be more difficult than the initial detection of an abnormality because the tissues are altered, potentially decreasing contrast between them, e.g., due to edema or scar. In vessel wall imaging, contrast optimization is critical for the reproducibility of wall area measurements (23) . The importance of assessing wall tissue volume rather than lumen loss is underscored by the fact that atherosclerotic plaque burden may increase without significant lumen narrowing (24) . Similarly, in bypass grafts loss of patency can be a result of not only intimal hyperplasia encroaching into the lumen but of full conduit negative remodeling as well (4) (5) (6) . To observe the early events in the vessel wall that culminate to these highly focal failures requires repeated surveillance of the full 40-80 cm craniocaudal extent of a typical vein graft. This is currently unattainable in a clinical setting given the high spatial resolutions required (10).
The possibility of conjugating Gd chelates to macromolecules, using covalent or noncovalent bonds, has long been recognized (25, 26) . Aside from enhancing the relaxivity of the metal complex by reducing its tumbling rate (25) (26) (27) (28) (29) , additional benefits can be obtained, such as retention of the agent within the blood pool for significantly longer periods than for nonconjugated agents (28), or, targeting to a specific pathology such as necrotic tissue in myocardial infarction (30) .
Here, we postulated that a Gd-based agent might be indiscriminately targeted and permanently attached (i.e., implanted) to surgically exposed tissue, in order to achieve durable, long-term signal enhancement that is biologically well tolerated (17) . To this end, a modified Gd-DTPA complex was developed that crosslinks to tissue via a covalent amide bond. The small molecular weight of Gd-DTPA (cation molecular weight ¼ 547 daltons) allows it to quickly enter the interstitial space (25) and enhance the entirety of vessel wall tissue (31) . When a vein is incubated with the activated Gd chelate, one might similarly expect that the complex readily permeates the fibrous adventitial layer through the vasa vasorum, subsequently reacting with amines found deeper within the tissue constituents to effectively become permanently ''immobilized'' there.
Our results show that such ''immobilized contrastenhanced'' MRI is a valid proposition that can be realized ., Fig 4) . Highly linear relationships indicate that the tissue concentration achieved for each specimen was proportional to the treatment concentration, up to a constant factor. The ratio of r 2 to r 1 relaxivity of the agent is computed from the fitted pseudo-relaxivities (r for significant gains. The 1.5-to 4.5-fold increase in T1W SNR observed in vitro can be readily traded for a 2-to 20-fold increase in T1W imaging speed while maintaining the SNR, spatial resolution, and contrast-to-noise ratio (CNR) expected for unenhanced tissue. For lower extremity vein bypass grafts, where the full vessel wall can be delineated in T1W images (8), a 4-fold reduction in imaging time that can be realized by a 2-fold increase in SNR-well within the SNR increases demonstrated here-would immediately enable us to extend in vivo surveillance to the entire graft in the same scan time as we currently use for only a short segment (8, 10) .
Before further exploring the use of this implantable contrast agent for such longitudinal surveillance applications it is important to ensure that it leads to contrast enhancement that (a) is specific to the tissue it is implanted on, (b) it possesses a robust relationship with labeling treatment conditions, and (c) can be maintained over a significant period of time.
Regarding the first requirement, our results demonstrate that the implantable Gd-DTPA attaches to the target tissue, as opposed to being temporarily absorbed. Only veins treated with activated Gd-DTPA presented increased relaxation rates compared to control, while a segment treated with standard (unactivated) Gd-DTPA under otherwise identical conditions presented no significant differences. Another feature of the data that lends credence to the theory that the activated Gd-DTPA binds with the tissue is that its r 2 relaxivity was nearly five times larger than its r 1 relaxivity (c.f., Fig. 5 ). Preferential R 2 enhancement is characteristic of increased low-frequency fluctuations associated with Gd ions attached onto large molecular weight compounds. According to standard Bloembergen, Pound, and Purcell theory, longitudinal relaxation rates are most sensitive to random magnetic field fluctuations at, and near, the Larmor frequency and twice the Larmor frequency, while transverse relaxation rates are additionally sensitive to very low DC frequency fluctuations (32) . A dramatic reduction in tumbling frequency, as achieved by bonding Gd chelates to e.g., human albumin for MS-325 (28, 33) , and as perhaps afforded by anchoring Gd-DTPA to solid vein wall tissue constituents in this study, preferentially enhances transverse over longitudinal relaxation as only the latter is sensitive to very low frequency magnetic fluctuations.
The relationship between treatment conditions and signal enhancement, i.e., the ''bang for the buck,'' as it were, is a multifaceted issue. It is affected by the agent tissue concentration achievable, tissue composition, as well as the relaxivities of the agent, which are in turn affected by the crosslinkage. The tissue concentration that can be successfully implanted depends not only on the concentration of agent used in the labeling reaction but also on the number of available binding sites (free primary amines) on the exposed tissue surfaces. The former appears to have been a limitation in our early experiments; the 3-h Gd-DTPA activation protocol resulted in significantly smaller differences in tissue R 1,2 at the same treatment concentration when compared with the overnight preparation. Thus, it appears that the reaction yields a significantly larger percentage of activated Gd-DTPA under constant stirring and extended duration.
The availability of binding sites may still pose a limitation, since it may vary significantly depending on the type and condition of tissue. The increased r 2 to r 1 relaxivity ratio, characteristic of immobilized Gd chelates and observed here, may exacerbate this as higher tissue concentrations, necessary to achieve further signal enhancement from T 1 effects, will ultimately be limited by the accompanying T 2 shortening. For the saphenous veins examined here, binding sites were not saturated yet the achieved tissue concentrations sufficed to impart large signal changes. The right hand panel of Fig. 4 indicates a T 1 change from 763.3 6 43.5 msec (control) to 185.7 6 7.9 msec (10-mM treatment), accompanied by a T 2 change from 99.8 6 11.2 to 34.7 6 2.7 msec. However, the resulting 3.1-fold SNR increase of that vein in a standard T1W acquisition equates to a 9-fold scan time reduction that can be readily realized using standard methods such as signal averaging reduction and parallel imaging. Overall signal increases of the order of 4.5-fold achieved in this study should suffice for most conceivable desired benefits for state-of-the-art vessel wall imaging. Nonetheless, should saturation of binding sites prove a limitation for other applications, dendrimers with multiple Gd ions per molecule (34) may be considered, since the simple crosslinking chemistry we used is readily portable to many molecules.
Regarding the final requirement, preliminary results here demonstrate the in vitro durability of the Gd-DTPA crosslinkage in a vein incubated for 4 months. Relaxation rate differences between a treated and an untreated vein segment stably persisted throughout the duration of the experiment, indicating reasonably long-term binding of the agent to tissue constituent. In vivo experiments, initially in an animal model, are now required to assess whether other biologic processes can affect the stability of the crosslink, the stability of complex itself [e.g., in vivo chelate dissociation, leading to free Gd ions, and transmetalation (30) ], or the tissue concentration of the agent over time, as this can be affected by cell internalization via endocytosis and subsequent cell migration and proliferation. Conversely, in vivo experiments are necessary to assess whether the contrast agent affects the biologic viability and function of the vein graft and host. Nonetheless, the preliminary results reported here argue that further experimentation with the developed Gd-DTPA agent is warranted.
CONCLUSION
A novel technique was developed to provide stable longterm enhancement for MR imaging of a tissue that is implanted or altered during a surgical intervention based on a modified Gd-DTPA contrast agent. Vein bypass grafts are an important such example; veins are too small to efficiently image using non-invasive modalities. As a result, ultrasonography, and computed tomography or MR angiography are used for follow up. While these modalities are able to detect late stenoses, typically long after they become hemodynamically significant, there is no noninvasive imaging modality capable of detecting early changes that occur in the vein wall and that may culminate to these focal stenoses. We have demonstrated that the novel implantable contrast agent developed can be covalently immobilized on the vessel wall tissue, and remain bonded to it over an extended period of time. Significant, persistent signal gains are obtained for tissue ''labeled'' with this contrast agent for standard T1W imaging sequences. These gains can be freely traded for faster imaging and larger craniocaudal coverage, enhanced definition of the boundaries of the labeled tissue, or any combination thereof.
